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GaAs and related compound semiconductors have military origins and the past decade has seen devices 
based on them being successfully battle-tested. Radar systems are the leading application for these materials, 
while other important areas include secure military radios, global positioning system (GPS) navigation, night- 
vision and other enhancements to the battlefield and naval warfare. All of these applications rely on the im- 
provement in sensing and detection that Ill-V-based devices can confer. This article looks at some of the most 
interesting defence uses of compound semiconductors, such as phased array radars and missiles. 
D 
espite its pivotal role in the 
development of the materi- 
als, the defence/aerospace 
sector is no longer the most impor- 
tant sector as regards application 
markets for III-Vs. The US$6 billion 
optoelectronic device market, for 
example, is dominated by con- 
sumer, telecoms and computer ap- 
plications. This is mirrored within 
the detectors segment (Table l), 
with defence in fifth place just be- 
hind industrial. For electronic de- 
vices (i.e. discretes and monolithic 
microwave integrated circuits 
(MMICs)) the story is similar, with 
the telecoms markets now exceed- 
ing $1 billion annually, while the 
defence/aerospace sector is worth 
< $200 million.These figures, how- 
ever, should not be interpreted as 
signs of a declining market. Use of 
compound semiconductors in the 
military/aerospace sector is grow- 
ing by a respectable 11% per an- 
num driven by the increasing 
electronics content of new mili- 
tary/aerospace systems and the 
retrofitting of older systems. 
Despite regional conflicts such 
as Kosovo and Iraq, the end of the 
Cold War has signalled a reduction 
in demand for weapon systems. 
Running against this trend, howev- 
er, is an increasing demand for im- 
proved communications, sensory 
systems and all forms of reconnais- 
sance and electronic warfare. Many 
of these systems rely on advanced 
semiconductor devices, such as 
those based on III-Vs. Bad weather 
in Kosovo, for example, reaffirmed 
the increasing reliance on opto- 
and electronics-based systems to 
help hit concealed targets and min- 
imize casualties. 
So, while the overall military mar- 
ket will almost certainly continue to 
shrink in the coming years, demand 
for III-Vs is expected to grow for 
many next-generation systems. The 
crucial factor is that, as in many non- 
defence products, it is the com- 
pound semiconductor component 
Table 1. Optoelectronic detectors market by application (US$ millions) 
1998 1999 2000 2001 2002 2003 
Automotive 27 30 34 38 43 48 
Computers 167 190 230 279 338 410 
Consumer 147 186 221 262 312 371 
Industrial 68 77 87 99 112 127 
Military/Aerospace 6 1 68 75 83 92 101 
Telecoms 184 21.5 251 292 341 398 
Other 27 31 36 41 47 53 
Total 682 797 933 1094 1284 1509 
Source: A Strategic Study of the Worldwide Semiconductor Optoelectronic Component 
Industry: Market Prospects to 2003, Reed Electronics (London, UK). 
that is the ‘enabling technology’.This 
article highlights several key systems 
that are, or will be, reliant on III-Vs 
based devices. These devices are 
mainly fabricated from GaAs, but 
other compounds are also becoming 
important as highlighted in Table 2. It 
should not be forgotten that it has 
taken over a decade of development 
and not a little taxpayers’ money for 
GaAs to reach maturity The impor- 
tance of the US MIMIC Program can- 
not be underestimated in this regard. 
There are as yet no equivalent pro- 
grammes for other materials. 
AEW&C radars 
It is no understatement to say that if 
the modern battlefield - in the air, on 
land and at sea - were said to be 
dominated by one thing it would be 
radar This in itself points to the im- 
portance of III-Vs, which excel at 
this end of the spectrum.Today this 
means GaAs, but in time it will also 
include InP-based mm-wave systems. 
For some years it has been clear that 
arrays of GaAs devices promise 
much improved radar systems. The 
so-called phased array radar (PAR) 
has at last begun to reach commer- 
cial fruition and one of its first appli- 
cations is in airborne early warning 
and control (AEw&C). 
A new era of heightened aware- 
ness of the need for AEW has re- 
sulted in cheaper platforms for 
these otherwise very expensive 
machines. This is exemplified by 
the Royal Australian Air Force hav- 
ing recently become the launch 
customer for the Boeing 737 
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Tab/e 2. Prospects for compound and advanced semiconductors in defence applications 
Material 
GaAs 
InP 
GaN 
InAslSb 
CMT 
SIC 
SiGe 
Application Devices Maturity* Prospects 
Avionics, Radar Discretes, MMlCs 5 Very Good 
Sensors, Radar Discretes, 3 Medium 
mmMMlCs 
HF Short-range, Discretes, 1 Long-term 
Power Comms 
Sensors Discretes, Arrays 3 Good 
Sensors Discretes, Arrays 4 Good 
Power, H-TEIHF Discretes 1 Medium 
High-speed I ICS 1 Medium 
Low Power 
so1 Rad-hard ICS 
Diamond HF, Opto Discretes 
GaP Opt0 Discretes 
*Maturity is scaled I to 5 I being immature, 5 being mature. 
4 Good 
1 Long-term 
3 Good 
‘Wedgetail’ low-cost AEW&C plat- 
form with a $1.32 billion purchase 
of seven aircraft. At the heart of 
this system is the Northrop 
Grumman multi-role electronically 
scanned array (MESA) radar.This is 
a 36~ steerable beam system 
based on a fixed dorsal structure 
(Figure l), not a rotodome as per 
the familiar airborne warning and 
control systems (AWACS). 
The radar can track aircraft and 
ships simultaneously in a 190 nau- 
tical mile radius and has a beam 
steering flexibility to extend seg- 
ment detection range beyond 400 
nautical miles. Boeing says 
Wedgetail’s use of L-band radar of- 
fers an optimum blend of range, 
detection capability, size and 
weight for the 737-700 platform 
without significant degradation of 
the aircraft’s performance. L-band 
offers greater detection range and 
better discrimination against tar- 
gets with small signatures, such as 
cruise missiles, than the higher-fre- 
quency S-band radars carried on 
conventional AWACS. 
PARS are made up of many 
transmit/receive modules. This en- 
ables the radar beam to be shaped 
and steered electronically rather 
than mechanically as in older radar 
systems. There are many advan- 
tages in such a system not the least 
being savings in weight and vol- 
ume of the system. Equally as im- 
portant are the increased 
capability, reliability of these units 
and the ability to fit them to small- 
er systems such as satellites and 
airliners. PARS need low noise, low 
power modules based on GaAs. 
First generation PARS used many 
discrete components but today’s 
systems are using MMlCs. 
Ultimately, the module will be- 
come a single MMIC chip.This will 
make best use of cost-effective 
mass production techniques. 
Modules must be able to work 
efficiently up to 30 GHz and be ca- 
pable of output powers of more 
than 10 W. Careful design is needed 
to enable these modules to work 
together without overheating or 
mutual interference. They are cer- 
tain to become very useful in a 
wide range of military applications 
and, later, also for civilian uses for 
compact radars. 
In addition to Wedgetail, other 
PAR-based AEW systems are coming 
into service.The SwedishAir Force is 
working up six Saab 340B Erieye 
AEW aircraft.This also has a dorsally- 
mounted planar radar and features a 
high degree of automation and 
ground processing from secure data 
transfers.The Ericsson radar has also 
been ordered by the Brazilian air 
force. Embraer has been contracted 
to develop and produce 5 EMB-145 
AEW&C aircraft, called EMB145AS 
for the Brazilian Government’s 
SIX04 programme (Surveillance 
System for the Amazon). 
Phalcon is an Israeli PAR AWACS 
modification of the Boeing 707. Six 
fmed phased-army antennas are in- 
stalled, one in the nose, one under 
the tail, and two on each side in 
large flat fairings on the forward 
and aft fuselage. Radar performance 
is said to be comparable with the 
E-3 Sentry AWACS in that it can 
track aircraft at 400 km but it has a 
shorter target acquisition time. In 
fact the prototype which has just 
the forward antennas is already in 
service with the Chilean Air Force 
as the ‘Condor’. Also, the South 
African Air Force has two conver- 
sions with only the side antennas. 
The French ‘Rafale’ fighter is al- 
so leading the way in the use of ad- 
vanced electronics. The RBE2 
system is a PAR developed by 
Thomson-CSF and is believed to in- 
clude a number of GaAs MMlCs 
and related devices. The R&ale’s 
counterpart, the Eurofighter 
‘Typhoon’ is planned to use many 
GaAs components and these will 
be manufactured by Daimler- 
Chrysler Aerospace (DASA) in 
Germany and Marconi in the UK. 
The Typhoon will debut with a 
non-PAR, the ECR-90 built by the 
Euroradar consortium. 
The AMSAR programme is 
building a PAR demonstrator. GT- 
DAR is promoting this system on 
behalf of GEC,Thomson and DASA. 
A key component of this system is 
GaAs MMlCs for improved perfor- 
mance and reduced maintenance, 
GTDAR says. In contrast, the radar 
for the Saab-British Aerospace 
(BAe) ‘Gripen’ lightweight fighter 
is a conventional design. But future 
designs would benefit from the 
compact systems that PAR is 
capable of. 
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The most important US defence 
programme in recent years is the 
Boeing F-22 ‘Raptor’ air superiority 
fighter. It is planned for this to in- 
clude a PAR-based radar. This is 
presently being tested in a convert- 
ed airliner ready for the start of the 
F22 avionics programme next year. 
Northrop Grumman builds the APG- 
77 fire-control radar for the F-22. 
Perhaps surprisingly, PAR is 
quite well advanced in Russia.The 
famous Sukhoi ‘Flanker’ strike 
fighter has already been flown 
with a PAR fitted.The Su-271B has a 
versatile multifunction system 
called the BOO4 which has a range 
of no less than 150 miles. Russia 
has a long experience in PARS and 
several other military aircraft have 
already fielded them, putting it in 
the lead in this technology. It is al- 
so said that an equivalent mm- 
wave radar to the Longbow 
Apache is used on Kamov’s 
‘Werewolf’ attack helicopter. 
Finally, we should mention that 
that PARS are important for naval 
systems. There is already the US 
Navy Aegis PAR system used main- 
ly for air defence but also for sur- 
face action. In Europe several 
designs are underway for compara- 
ble systems. Alenia and GEC 
Marconi are developing EMPAR, 
while DERA and BAe are working 
on the MESAR system. 
High speed systems 
For all the benefits of PAR, modern 
radar systems cannot function with- 
out very fast data processing in real- 
time. The battlefield of tomorrow 
will demand high speed, high ca- 
pacity circuits to handle the deluge 
of information produced by these 
sensors. Split seconds make all the 
difference in target detection and 
destruction. III-Vs-based devices, 
such as HEMTs and HBTs, will play 
key roles in achieving this. 
In the future, it is likely that an 
optoelectronic PAR module may be 
developed. In such a module, the 
signal from the radar transmit/re- 
ceive function would directly mod- 
ulate a laser which would beam 
into a fibre and thence into an all- 
optical computer. Halfway to that 
the fibre signal would be converted 
back into an electronic signal and 
passed to a high speed computer 
for processing and presentation. 
PARS require very high speed, 
high bandwidth analog to digital 
converters (and vice versa) to han- 
dle signals as high as a billion sam- 
ples per second at 1 O-bit 
resolution.There is a need for very 
fast signal processing systems to 
make use of the enormous 
amounts of data from new radar 
systems. In this respect very high 
speed logic and digital signal pro- 
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Figure 1. Schematic of the Boeing 737AEW&C system. 
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cessing circuitry is needed. It is 
quite likely that this would be InP- 
based. In the distant future it is ex- 
pected that all-optical circuits 
would be used. 
Apache and Hellfire 
One of the most important military 
systems to be developed in the 
past few years is the Apache 
Longbow attack helicopter (see 
cover) and its primary weapon, the 
Hellfire anti-tank missile. Both sys- 
tems rely on mm-wave (40 to 140 
GHz) radar which makes extensive 
use of GaAs modules. 
The latest military helicopter 
being developed, the RAH-66 
Comanche scout helicopter will 
use a version of the Longbow mm- 
wave radar (as well as the RF 
Hellfire) which is half the weight. 
Lockheed-Martin’s (L-M) MMIC 
manufacturing subsidiary Sanders 
was recently awarded a $43 m con- 
tract for ‘full-rate’ production of the 
mm-wave transceivers for the 
Hellfire. Sanders has already pro- 
duced more than a thousand of 
these modules and will now build 
another 4300.The transceivers will 
be installed in the sensor head by 
L-M Missiles and Fire Control as 
part of a L-M/Northrop Grumman 
joint venture for the United States 
Air Force (USAF) and UK’s Ministry 
of Defence (MOD). 
Sanders has also been con- 
spicuously successful in another 
key application of miniaturized 
electronics using GaAs MMICs. 
Its ALE-50 towed decoy systems 
saw first use in Kosovo towed be- 
hind B2 stealth bombers and oth- 
er aircraft to lure away missile 
attacks. 
Keeping with the satanic 
theme,Alenia Marconi Systems and 
Boeing have carried out the first 
live firing of the aptly-named 
‘Brimstone’ variant of the Hellfire. 
Unlike the Apache version, this will 
be used aboard Tornado, Harrier 
and Typhoon. This has a UK-devel- 
oped mm-wave seeker plus other 
components and software that im- 
prove target discrimination. 
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Fiaure 2. The US Air Farce RF4G Phantom ‘Wild Weasel’showing HARM under the wing. 
(Photo: Roy Szweda.) 
Today, millimetre-wave is cov- 
ered by GaAs, but is likely to move 
up to InP in due course. 
Millimetre-wave is important not 
only for its excellent directivity, 
but also for resistance to intercep- 
tion and jamming.At present, the 
interest is in smart munitions, but 
tomorrow such devices could 
also be used as high bandwidth 
battlefield communications. 
Missiles 
In missile technology, GaAs has al- 
ready become important. Two ma- 
jor systems for the USAF have 
already been battle-tested and en- 
joy sales worldwide. The High- 
speed Anti-Radar Missile (HARM), 
see Figure 2, was originated by 
Texas Instruments but is now 
made by Raytheon.The HARM was 
used extensively in the Gulf War 
and Kosovo, as was the AMRAAM 
(advanced medium-range air-to-air 
missile). Both missiles use GaAs 
MMICs to achieve reliable high 
performance detection in a small 
volume. The AMRAAM carries its 
own miniature radar to lock on to 
its target (unlike earlier missiles 
which needed target illumination 
by the launch fighter). Both mis- 
siles are truly ‘fire and forget’ 
thanks to GaAs MMICs. These 
weapons have European and 
Russian equivalents of course, for 
example, the BAe ALARM anti-radar 
missile and the Russian 
AMRAAMski’, R77 Adder. 
Newer versions of these mis- 
siles and new forms of the same 
function are constantly under de- 
velopment.The US Navy has fund- 
ed a new mm-wave based 
dual-seeker for the HARM to en- 
able it to tackle a wider range of 
targets. In Israel, a leading defence 
electronics company Israel Aircraft 
Industries has developed the 
HARPY anti-radar missile which is 
a drone using a passive seeker. 
Missile defence 
Since the embarrassment of the 
‘Scud Hunts’ of the Gulf War, there 
has been a lot of interest in anti-bal- 
listic missile systems. The US is 
very keen to see these systems de- 
veloped even though they present 
extraordinary technical challenges. 
The Ballistic Missile Defense 
Organization (BMDO) has reinvigo- 
rated research into radar technolo- 
gies. Its Advanced Radar Tech- 
nology programme represents the 
first stand-alone radar develop- 
ment effort at the BMDO for some 
time.This will result in further de- 
velopment of existing systems 
such as Patriot (C-band), THAAD 
(X-band), and others such as the 
ship-based Aegis radar. THAAD, the 
US Army’s Theater High-Altitude Air 
Defense system, is in many ways a 
successor to the Patriot system. 
This highly complex system re- 
cently successfully engaged and 
destroyed two targets after a series 
of failures. Its prime supplier, Lock- 
heed Martin has stepped up its 
testing of on-board systems and 
has stated that it will shortly switch 
to MMICs to improve reliability. 
BMDO is looking at five projects 
that include advanced RF power 
generation and transmit/receive 
module cost reduction and ad- 
vanced digital receiver technology 
Related areas likely to benefit from 
this new effort include advanced fo- 
cal plane arrays based on III-V and 
II-VI materials and new detectors 
covering the IR to the UV 
Future wars 
One of the hardest tasks for today’s 
MMIC manufacturers is to create 
cost-effective processes for the man- 
ufacture of defence components, 
particularly in the face of very attrac- 
tive commercial off-the-shelf (COTS) 
components. Programmes such as 
MIMIC and MAFET have been direct- 
ed to this end. These will directly 
benefit PAR development and other 
systems, such as smart weapons 
needing guidance systems small 
enough to fit in artillery shells and 
even bullets. 
Soldiers worldwide have always 
had to make do with the weapons 
their governments provided them 
with in peacetime to fight on unfa- 
miliar ground against an unfamiliar 
enemy Electronics - and III-Vs in 
particular - should at the very least 
ameliorate this situation and may 
provide the means through en- 
hanced versatility to better meet the 
enemy on the battlegrounds of 
tomorrow. 
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